Computerized tomographic (CT) scanning of the liver was undertaken in 17 occasional and 19 heavy drinkers undergoing health screening. The median attenuation value ofthe liver (CT number) in occasional drinkers with normal liver function tests was 54.4 compared with 25.9 in the heavy drinkers (P< 0.001). Fourteen ofthe heavy drinkers had a CT number below the lowest value observed in occasional drinkers with normal liver function, indicating reduced liver density due to fatty change. Serum gamma-glutamyl transpeptidase was normal in 36%ofthese individuals. A rise in CT number was observed in 4 out of 5 heavy drinkers who underwent a second scan after decreasing their alcohol consumption. These findings suggest that CT scanning provides a noninvasive and convenient method of screening for a fatty liver, which occurred to a variable degree in over 70% of the men who admitted to regularly taking 8 or more alcoholic drinks per day.
Introduction
Alcohol consumption and alcoholic liver disease are both on the increase in the United Kingdom. The commonest lesion, a fatty liver, is a frequent occurrence in men regularly drinking more than 80 g/day of ethanol'. Fatty liver is potentially reversible through abstinence, but its severity has been claimed to be an important predictor of the risk of subsequent cirrhosis in those who continue to drink". However, not all individuals with biopsy-proven fatty liver have abnormal liver function testa". Thus the introduction of a noninvasive means of quantifying the amount of fat in the liver would have advantages over existing methods of detection. These include ultrasound scanning which, although sensitive and specific, is not strictly quantitative", Bydder et al: 5 showed that there was a good inverse correlation between the radiological density of the liver on a computerized tomographic (CT) scan and the amount of fat (triglyceride) present in a liver biopsy. A similar correlation was obtained by Yajima et al.
B
, who observed almost no overlap between CT numbers obtained in normal subjects and the lower values found in those with histologically documented fatty livers, although a normal CT number did not exclude cirrhosis. In the light of these findings we have used CT scanning as a means of screening for fatty liver in two groups of individuals with widely disparate levels of alcohol consumption.
Methods
Men attending the BUPA Medical Centre, London, for health screening routinely answer a computerized questionnaire to evaluate their personal habits, including the amount of alcohol consumed. On the basis of their answers, some of those considered to be either occasional drinkers (less than 1 drink per day) or heavy drinkers (8 or more drinks per day, equivalent to approximately 80 g alcohol") were invited to participate in the study. Selection was based on temporal convenience. Those who agreed to cooperate were given a second, more detailed questionnaire to answer and then underwent a CT scan of the liver. This was undertaken blind using a General Electric IGE 8800 wholebody scanner at 120 kV. Liver density was measured within the area of a 1.2 cm 2 cursor (about 100 pixels) placed over the right and also the left lobe. Scans were performed at two tomographic levels and each CT number was therefore the mean of 4 values. The scanner was recalibrated daily. All men attending for health screening routinely undergo a full blood count, biochemical tests of liver function and measurement of serum lipids. The upper limit of normal for gamma-glutamyl transpeptidase (gamma-GT)was taken as 80 iulI, this being the 98th percentile value in 268 teetotallers attending the BUPA Medical Centre.
Twenty individuals in each group were recruited initially, but 3 occasional drinkers were subsequently excluded because their alcohol consumption appeared to have been grossly underestimated by the computerized questionnaire. One heavy drinker was excluded because his pattern of alcohol consumption was erratic and included periods of complete abstinence. The results are therefore based on 17 occasional and 19 heavy drinkers. Five of the latter group agreed to make themselves available for repeat studies after being notified of the results of the first scan and being advised to reduce their alcohol consumption. This study was sanctioned by the Research Ethics Committee of BUPA Medical Research and all participants gave their written consent.
Results
Differences between the two groups of subjects are shown in Table 1 . Median age was similar but the estimated alcohol intake of the heavy drinkers was' more than ten-fold greater than that of the occasional drinkers. This was accompanied by significantly higher median values of mean red cell volume (MCV), serum alanine transferase (ALT), aspartate transaminase (AST) and gamma-GT among heavy drinkers. Serum total cholesterol and triglyceride values were similar, but heavy drinkers had a higher HDL (high density lipoprotein) cholesterol. Discussion Between 10% and 30% of drinkers with a fatty liver develop cirrhosis within 10 years, the likelihood of so doing being related to the amount of fat present, according to one prospective study2. Most of those with a fatty liver regularly drink more than 75 g of ethanol per day. This is roughly equivalent to the amount consumed by our group ofheavy drinkers and by at least 2% of men in England and Wales'.
median of the C'I' numbers of occasional drinkers (excluding the individual with a raised gamma-G'T) was 54.4, significantly higher than that of the heavy drinkers, which was 25.9 (p<o.oon
The relationship between gamma-G'I' and CT number is further analysed in Table 2 . Only 6% of subjects with a gamma-G'I' <40 iull had an abnormal scan, but this rose to 50% when the gamma-GT was 41-80 iull and to 91% when the gamma-GT was > 80 iull. Every individual with a gamma-G'I' of > 100 iull had an abnormal scan.
Repeat CT scans were obtained in 5 heavy drinkers after an interval of 4-5 months. Reported alcohol consumption had fallen on average by 7.7 units/day during this period and gamma-GT values decreased by 58 iull. Figure 2 shows that these changes were accompanied by a significant increase in CT numbers in 4 of the subjects, which averaged 15.6 Hounsfield units. The fifth subject, who reported the least reduction in alcohol consumption, had a small, nonsignificant decrease in C'I' number. He was the most obese of the heavy drinkers, with a Quetelet's index of 33.0. Blood glucose levels were within the normal range in every subject (3.3-6.7 mmol/l), none of whom had a history of diabetes. Four subjects were obese, with a Quetelet's index in the range 30-40 8 • One of them was an occasional drinker, the others were heavy drinkers.
The results of the CT scans of the liver in relation to gamma-G'I' are shown in Figure 1 . Sixteen of the occasional drinkers had normal liver function tests and a gamma-G'I'<80 iull. Their CT numbers ranged from 43.1 to 62.7 Hounsfield units and these values were used to define the normal range for the purposes of this study. The remaining individual had raised values of ALT, AST and gamma-GT(159 iu/l) and his CT number was 13.4. This subject was the most obese person in the study, with a Quetelet's index of 33.2.
Ten of the heavy drinkers had a raised gamma-GT (>80 iu/lrof whom 9 had low CT numbers «43). The remainder had a normal gamma-G'I' of whom 5 had a low CT number and 4 had a normal value. The The laboratory tests most often used to detect excessive alcohol consumption are measurement of red cell MCV and serum gamma-GT. Both variables rise with increasing consumption", but changes in MCV are relatively slight and seldom provide unequivocal evidence of excessive alcohol intake 1o • 11 • In the case of gamma-GT a major limitation is the frequency of false-positives, 50% of high values being unrelated to alcohol consumption in one series!". The opposite may also apply, in that 30% of subjects with alcoholic fatty liver can have a normal gamma-G'I", Nevertheless, measurement ofgamma-GT provides a useful index of changes in alcohol intake, abstinence resulting in a progressive decrease in serum levels'", although these may take several months to return to normal'", An evaluation of more direct, noninvasive diagnostic techniques was undertaken by Meek et at.
14 in patients proven to have alcoholic hepatitis, fatty liver or cirrhosis on biopsy. CT scanning was better than ultrasound at detecting a fatty liver, but neither method was as good as isotopic scanning in detecting cirrhosis. Saverymuttu et al:", using a more sophisticated ultrasound device, showed that this procedure can be a very efficient and cost-effective means of detecting fatty liver. However, it gives qualitative rather than quantitative information.
CT scanning is more expensive than ultrasound but it does provide a quantitative assessment of liver density and, by inference, of the presence and severity offat deposition. It is not practicable to perform liver biopsies in individuals undergoing health screening, but previous studies where this has been done M support the assumption that the low CT numbers seen in many of our heavy drinkers represented fatty infiltration of the liver. There was only one instance where a raised gamma-GT was associated with a normal CT number. On the other hand, 36% of those with low CT numbers had a normal gamma-GT, which is similar to the percentage of alcoholics with a histologically proven fatty liver having a normal gamma-G'I", The only occasional drinker with a low CT number was markedly obese, which is a well recognized cause of a fatty liver. The likelihood that raised gamma-G'I' levels and low CT numbers were causally related to alcohol is supported by the improvements observed in the subgroup of heavy drinkers restudied after reducing their consumption. The only one of these whose CT number did not rise was also markedly obese.
Based on the premise that a CT number of 43 Hounsfield units represents the lower limit of the normal range, we conclude that 14 of the 19 heavy drinkers had some degree of fatty change; this was slight in 3 (CT number 30-43), moderate in 6 (CT number 15-29) and severe in 5 (CT number < 15).
Thus more than a quarter of the men drinking 8 or more drinks per day appear to have a severe degree of fatty liver, some of whom could be expected to Journal of the Royal Society of Medicine Volume 81 March 1988 151 develop cirrhosis unless they moderate their alcohol consumptions. CT scanning provides a means of detecting and monitoring those at risk and could also be used to investigate factors which determine individual susceptibility to alcohol-induced liver damage". However, it should be recognized that obesity and presumably other causes of a fatty liver, such as diabetes, give rise to similar abnormalities on CT scanning. Also it must be emphasized that this procedure cannot detect the fibrosis which may accompany fatty change.
